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The mission of the NIA
is the "conduct and
support of biomedical,
social and behavioral
research, training,
health information
dissemination, and
other programs with
respect to the aging
process and the
diseases and other
special problems and
needs of the aged.”

Research on Aging Act
of 1974, as amended in
1990 by P.L. 101-557.

Foreword

The Intramural Research Program (IRP) in the National Institute on Aging
(NIA) comprises 11 scientificlaboratories, aclinical research branch, a
research resources support branch and 2 sections. The research program
includes the scientific disciplines of biochemistry, cell and molecular
biology, genetics, physiology, immunology, neuroscience, neurogenetics,
behavioral sciences (psychology, cognition, psychophysiology), epidemi-
ology, statistics, and clinical research and the medical disciplines of
neurobiology, immunology, endocrinology, cardiology, rheumatol ogy,
hematology, oncology, and gerontology. Medical problems associated
with aging are pursued in depth using the tools of modern laboratory and
clinical research. The central focus of our research is understanding age-
related changes in physiology and the ability to adapt to environmental
stress. This understanding is then applied to developing insight about the
pathophysiology of age-related diseases. The program seeks to understand
the changes associated with healthy aging and to define the criteriafor
evaluating when a change becomes pathologic. Thus, not only are the
common age-related diseases under study (e.g., Alzheimer’s Disease,
Parkinson’s Disease, stroke, atherosclerosis, osteoarthritis, diabetes,
cancer), but the determinants of healthy aging are also being defined.

IRP research is conducted in several sites; most of the laboratories are
based at the Gerontology Research Center and the Triad Building on the
Johns Hopkins Bayview Campusin Baltimore, Maryland. The Clinical
Research Branch’s Advanced Sudiesin Translational Research on Aging
(ASTRA) Unit islocated at Harbor Hospital, afew miles south of the
Bayview Campus in Baltimore, Maryland. The section of Brain Physiol-
ogy and Metabolism and the Laboratory of Neurogenetics are located in
the Clinical Center on the NIH main campus in Bethesda, and the Labora-
tory of Epidemiology, Demography, and Biometry islocated in the Gate-
way Building in Bethesda.

The IRP provides a stimulating academic setting for acomprehensive
effort to understand aging through multidisciplinary investigator-initiated
research. In addition, an effort is made to encourage synergistic interaction
and collaboration through interlaboratory collaboration. The program
offers many excellent training opportunities in both laboratory and clinical
medicine with awealth of valuable resources. The NIA is committed to
training researchersfor lifetime careersin the biomedical and behavioral
sciences.

Dan L. Longo, M.D.
Scientific Director
National Institute on Aging






Laboratory of Cardiovascular Science

Edward G. Lakatta, M.D., Chief

Gerontology Research Center
Room 3-B-04

Phone 410-558-8202

Fax 410-558-8150

The Laboratory of Cardiovascular Science (L CS) wasestablishedin
1985 as an outgrowth of the Cardiovascular Section of the Clinical Physiol-
ogy Branch. LCSis presently organized into two sections. Cardiac Function
and Behavioral Hypertension. The Cardiac Function Section, which com-
prised theentire LCSat itsincipience, isorganized into nine functional
units, each headed by atenured or senior scientist: the Cardiovascular Gene
Therapy Unit, the Cardiovascular Biology Unit, the Calcium Signaling
Unit, the Cardioprotection Unit, the Cellular Biophysics Unit, the Hyperten-
sion Unit, the Receptor Signaling Unit, the Human Cardiovascular Studies
Unit, and the Molecular Cardiology Unit. The Behavioral Hypertension
Section had formerly been part of the Laboratory of Behavioral Science,
and joined LCSin 1997.

Theoveral goalsof the Laboratory of Cardiovascular Scienceare (1) to
identify age-associated changesthat occur within the cardiovascular system
and to determine the mechanismsfor these changes; (2) to determine how
aging of the heart and vascul ature interacts with chronic disease statesto
enhancetherisk for CV diseasesin older persons; (3) to study basic mecha-
nismsin excitation-contraction coupling in cardiac cellsand how these are
modul ated by surface receptor signaling pathways; (4) to elucidate factors
that maintain stem cell pluripotentiality, that promote the commitment of
stem cellsto the cardiac lineage, and that regulate their devel opment as
cardiac cells; (5) to elucidate mechanismsthat govern cardiac and vascul ar
cell survival; (6) to determine mechanismsthat govern neuro-hormonal
behavioral aspects of hypertension; and (7) to establish the potentialsand
limitations of new therapeutic approaches such aschangesin lifestyle, novel
pharmacol ogic agents or gene or stem cell transfer techniquesin aging or
cardiovascular disease states. |n meeting these objectives, studiesare per-
formed in human volunteers, intact animals, isolated heart and vascul ar
tissues, isolated cardiac and vascul ar cells, and subcellular organelles.



To achieve anintegrative research program, | have attempted to encourage
and foster an L CS environment in which multipleindividual s can produc-
tively and comfortably interact. Thus, in addition to my continuing effortsto
conceptualize the various aspects of the LCS strategic plan, recasting
existing programs, creating and maintai ning the research environment,
inaugurating new ones, and recruiting qualified individualsto devel op these
programs, | expend substantial time and energy to create and maintain this
interactive research environment. In order to establish linksamong individu-
alsthat capitalize on their strengths and compensate for their shortcomings, |
do my best to assesstheir creative ability, knowledge and motivation. The
success of thisapproach requires an understanding of each person’ sneeds,
which vary from outright direction to coaching, support, or complete
delegation. (Thisapproach appliesnot only to the mentoring of junior
postdoctoral fellowsasthey mature, but also to my interactionswith tenured
scientists, technicians, clerical staff, etc.) Consequently, many of the LCS
projects become multi-faceted, spanning arange from humansto molecules
dueto links among individualswithin LCS, and their networking with other
instituteswithinthe NIH, academicinstitutions, and industry. I ntegration of
L CSresearch efforts, or interdisciplinary research, occursto avariable
extent at multipleinterfaces: anong different scientific disciplines, e.g.,
epidemiology, genetics, physiology, pharmacology, biophysics, biochemis-
try and molecular biology; across species, from humansto rodent model s of
development to aging; within an organism, e.g., cardiovascular system,
heart (H): vascular (V), H-V coupling, tissue, cell, molecule; and among
factorsthat impact on an organism, e.g., age, disease and life style (and
soon, genetics). Thetable on page 4 depictsthe resultant LCS Research
Program mosaic in schematic form. Theleft hand columnin the schemelists
the various experimental modelsemployed in the Lab’ sresearch program
(i.e., humansto molecules). Thethreeright hand columnslist the general
modes of research that may occur within each model system, e.g., intrinsic
mechanisms, and acute or chronic modulation of these mechanisms. During
any given epoch, each address (horizontal-vertical coordinate) in the scheme
may consist of one or several projects, depending upon the personnel
constituency and expertise within the Lab at thetime. Also, active collabora-
tions have been established within and outside of NIA, including foreign
Stes.

AsLab Chief, the nature of my specificinteractionswith individualswithin
theLab varieswidely. LCStenured scientists, senior fellows, and tenure
track investigatorsindependently choosetheir specific research projects,
within the broad framework of the Lab’smission. Theseindividualsserve as
mentorsfor junior fellows. Occasionally, projectsoriginate at thefellow/
investigator level and are coordinated by their mentors. Often, | aminvited



by tenured or tenure-track scientists, unit heads, or senior fellows, to
participate, asacollaborator, in various projectswithin their programs. In
the broad sense, the collective research output of the LCS can be considered
to bea“bottom up” approach. Asaresult, the LCS environment has, in my
opinion, become somewhat unique: it isnot strictly akinto auniversity
department, in which each member dictates his/her mission and isrequired
to apply for individual funding in order to implement the proposed program;
however, neither isthe LCS environment strictly “mission oriented” inthe
sensethat an individual isnot mandated to work on specific projectsina
“top down” approach.



Laboratory of Cardiovascular Science - Resear ch Program

Experimental Model

Intrinsic M echanisms

Acute M odulation of Intrinsic
M echanisms

Chronic M odulation of
Intrinsic M echanisms

Cardiac structure Drugs Age, gender, race, socioeconomic status
Vascular structure Postural reflexes Disease (CAD, hypertension), risk
Humans Cardiovascular function at rest Exercise stress factors, and prevention
Genetics
Intact Animals Arterial remodeling of aging Novel drugs Age
Heart Failure _Cardla_c remodeling post myocardial G_rowth factors
Hypertension |_nfarct|on, endogenous na/lK ATPase Diet _
b ligands Thyroid status
Aging L Gere expression Local or systemic drug delivery
Preconditioning VSMC proliferation and migration Gere therapy
Arterial Injury Stem cell therapy
Myocardial contractile properties, Ischemia Age
excitation-contraction coupling, Ca2+ Anoxia, hypoxia Diet
Isolated Heart or Cardiac | signals, action potertials Free radicals Exercise
Muscle Neuropeptides Hyperthyroid state
Novel drugs Cardiomyopathy
Stretch Heart failure
Membrane ionic channel currents Receptor stimulated second Development
Cardiac cell contraction messengers Age
Cystolic Ca2+ signals Neuropeptides Disease
Mitochondrial Ca2+ signals Stretch Heart failure
Cardiac Cells Sarcolemmal ion transport Anoxia, hypoxia Hypertension
Myocytes Sarcoplasmic Reticulum function Free radicals Diet
Fibroblasts Apoptosis Novel drugs Growth factors
Anesthetics Hypoxia
Growth factors
Novel endocardial factors
Novel endothelial factors
Cystolic Ca2+ and pH regulation Shear stress Atherosclerosis
Proliferation and secretion Receptor agonists/antagonists Arterial injury
Chemotaxis and invasion Growth factors Aging
Matrix regulation Anoxia, hypoxia Dedifferentation
Vascular Smooth Muscle | 1y, jiyimicrotuple dyramics Stretch
and Endothelial Cells Differentation regulation Anti-microtubule agents
Angiogenesis Matrix degradation
Antisense inhibition and gene
overexpression
Stem Cells Mechanisms of pluripotency Homing factors (I)Déflfsereftanon into heart and vascular
NaK transport systens lonic composition Age
Sarcolemmal ion channels Adenire nucleotides Heart failure
Sarcoplasmic reticulum Ca2+ cycling Neuropeptides Hypertension
Sub-Cell Organelles Mitochondrial membrane potertial Ischemia, anoxia
reguation, ATP K+ channels Drugs
Reactive oxygen species
Genomics-SAGE cDNA assays lonic transportation mechanisms Age
Control mechanism of gene expression in | Stretch mechanisms Hormones
heart and vascular cells, ryanodine Growth factors Hypertension
receptors, |P 3 receptors, G proteins Neuropeptides Heart failure
Molecules Expression of (1) isozymes: e.g. myosin | Nitric Oxide Genetic manipulation
heavy chain, Na-K ATPase, (2) proteins | Reactive oxygen species

HSP oncogenes, ANF, pump or
channels proteins (e.g. SR Ca ATPase,
sarcolemmal Ca 2+ and K+ channels
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Edward G. Lakatta, M.D., Senior Investigator
Chief, Laboratory of Cardiovascular Science and
Cardiac Function Section

Gerontology Research Center
Room 3-B-04

Phone 410-558-8202

Fax 410-558-8150

E mail lakattae@grc.nia.nih.gov

Biography: Dr. Lakatta received his M.D., Magna cum laude, at Georgetown Univer-
sity School of Medicine. Following an internship and residency in Medicine at Strong
Memorial Hospital, University of Rochester, Rochester, N.Y., he trained in basic research for two years at the
NIH. Subsequently, he completed his cardiology fellowship at Georgetown and Johns Hopkins University
Schools of Medicine. This was followed by a year of basic research training in the Department of Physiology,
University College and the Cardiothoracic Institute, London England. Dr. Lakatta is the Chief of the Laboratory
of Cardiovascular Science, National Institute on Aging. He also holds adjunct appointments as Professor,
Department of Physiology, University of Maryland School of Medicine, and Professor, Cardiology Division,
Johns Hopkins School of Medicine. Dr. Lakatta is recognized nationally and internationally as an expert in
cardiovascular research. He has authored over 270 original publications in top peer reviewed cardiovascular
journals, written over 180 invited reviews/book chapters and delivered over 320 invited lectures. He is a
member of multiple scholarly societies and journal editorial boards. He has received several awards, among
which has been election into the American Society for Clinical Research, the Association of American
Physicians. Dr. Lakatta has also been elected as a fellow in the APS Cardiovascular Section, a fellow of the
American Heart Association (F.A.H.A.) and is an Inaugural Fellow of the Council on Basic Cardiovascular
Sciences of the American Heart Association.

Keywords: Dr. Lakatta directsthe Car diac Function Section (CFS) which has abroad

cardiovascular aging based research program ranging from studiesin humansto molecul es.

G protein coupled cardiac
receptors

cardiac apoptosis
vascular cell chemotaxis

Recent Publications:

Xiao RP, et al. Circulation

2003; 108(13): 1633-1639.

Scuteri A, etal. J
Hypertens 2003; 21(7):
1339-1346.

Boheler KR, et al. Proc
Natl Acad Sci 2003;
100(5): 2754-27509.

Vinogradova TM, et al.
Circ Res 2002; 90(1): 73-
79.

Further studies examinethefunctional effects of reactive oxygen and
nitrogen species on cardiovascular function. Thereisconsiderable evidence
that these play important rolesin health and in disease states, including
myocardial ischemia, congestive heart failure and atherosclerosis. These
reactive speciesmay frequently exert dramatically opposite biological
effects, yet the spectrum of molecular targets overlapsto aconsiderable
degree, particularly with respect to critical or regulatory thiol siteson
proteins. Experiments are designed to examine how the dynamic
competition between these species may beimportant in the evol ution of
various pathophysiological states, and how local control over nitric oxide
and reactive oxygen species (ROS) production, and hencetargeting, is
responsiblefor some of the most important aspects of their physiologic and/
or pathological roles. Specific areas of interest include, (1) therelationship
between ROS, the redox state, and the function of mitochondria, and, (2)
therole of NO in excitation-contraction coupling in heart.

Laboratory of Cardiovascular Science
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Collaborators: Rui-Ping Xiao, M.D., Ph.D., Kenneth R. Boheler, Ph.D.,
Michael Crow, Ph.D., Heping (Peace) Cheng, Ph.D., Steven Sollott, M.D.,
Laboratory of Cardiovascular Science, NIA; JeromelL. Fleg, M.D., Na
tional Heart, Lung and Blood Institute, NIH; George Krause, Ph.D., Max
Delbruck Centrefor Molecular Medicine; Steven Houser, Ph.D., Temple
University School of Medicine; Brian Kobilka, M.D., Stanford University;
Robert Lefkowitz, M.D., and Walter Koch, Ph.D., Duke University Medi-
cal Center; Remesh Gopal, MBBS, Northwestern University; Ajay Shah,
M.D., University of Wales College of Medicine; Konstantin Bogdanov,
M.D., Russian Academy of Medical Sciences, Gary Gerstenblith, M.D.,
Edward Shapiro, M.D., Frank Yin, M.D., and Peter Vaitkevicius, M.D.,
Johns Hopkins Medical School; Ruth Altschuld, Ph.D., Ohio State Univer-
sity; W. Jonathan Lederer, Ph.D., University of Maryland School of Medi-
cine; Maurizio Capogrossi, M.D., Institute of Dermatology, Rome, Italy;
Oscar Bing, M.D., Boston VA Medical Center; David Kass, M.D., Johns
Hopkins Hospital; Xilin Long, Ph.D., University of Maryland; Lewis
Becker, M.D., Johns Hopkins University; KostjaBogdanov, Ph.D., Na-
tional Cardiology Research Center, Moscow, Russia; David Dostal, Ph.D.,
Pennsylvania State University; Marvin Boluyt, Ph.D., University of Michi-
gan; Kenneth Baker, M.D., Pennsylvania State University; George Roth,
Ph.D., Donald Ingram, Ph.D., Laboratory of Experimental Gerontology,
NIA; Richard Havlik, M.D., M.P.H., Laboratory of Epidemiology, Demog-
raphy, and Biometry, NIA; Kim Sutton-Tyrrell, Ph.D., University of Pitts-
burgh.
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Heping (Peace) Cheng, Ph.D., Investigator
Calcium Signaling Unit, Cardiac Function Section

Gerontology Research Center
Room 3-D-09

Phone 410-558-8634

Fax 410-558-8150

E mail chengp@grc.nia.nih.gov

Biography: Dr. Cheng studied fluid dynamics, physiology and bioengineering, and
then served as a faculty member in Peking University, China. To advance his career

in biomedical sciences, he came to the United States in 1989, received his Ph.D. (physiology) from the
University of Maryland and joined the Laboratory of Cardiovascular Science in 1995. During Ph.D. research,
he discovered “Ca?* sparks,” now known as the elementary events of Ca?* signaling in many types of cells.
His current research interest focuses on local Ca?* signaling in muscles and neurons. These studies enlist an
array of state-of-the-art techniques (e.g., confocal microscopy, electrophysiology and laser flash photolysis),
gene-targeted animal models and mathematical modeling.
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Ca* Sparks: Ca?* sparks, extremely limited in space (~2 mm) and time
(10-100 ms), arethe elementary sarcoplasmic reticulum (SR) Ce&* release
packets. The detection of sparkswas made possible with the advent of
confocal microscopy and indicatorsthat fluoresce negligibly when free of
Ca&* and havefast reaction kinetics. In heart muscle, the exqui siteness of
excitation-contraction coupling isreflected by the ability of asingleL-type
Ca&** channel to activate aCa?* spark, dueto thelargeincreaseinlocal Ca?*
concentration ([Ca**].) inthevicinity of RyRsthat arein close apposition of
the L-type channel. Summation of Ca?* sparksgivesriseto global intracel-
lular [Ca?]. transients, billions (>10%) of Ca?* sparks are expected toignite
synchronously to drive each heart beat. Surprisingly, Ca?* sparksrelax,
rather than constrict, vascular smooth muscle cells. Thereason for this
spark-induced relaxant effect isbecauselocal [Ca*], gradients established
by subsarcolemmal sparks activates Ca?*-sensitive K+ channels, and thereby
hyperpolarizes surface membrane and shuts off Ca?* influx. Thisisaclassic
casethat agiven signaling molecule may exert opposing physiological
effectsdueto spatial compartmentalization.

Despite extensive studies over the last five years, the origin and the exact
nature of Ca?* sparksremain elusive: whether Ca?* sparks are single-channel
eventsor acollective phenomenon of clusters of RyRs? What makesthe
spark size twice that predicted by theory? How big isthe Ca?*rel ease flux
underlying aspark? What mechanism terminates Ca?*sparks (see below)?
To addressthese fundamental questions, we embark on novel imaging
techniques, digital imaging processing algorithmsand models of spark
generation.
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Nanoscale Excitation-Contraction Couplingin Heart Cells: The central
theme of our research has been on cardiac excitation-contraction coupling
(ECC) mechanism at the molecular level. By visualizing the smallest pack-
etsof trigger Ca* entry, Ca?* sparkletsfrom openings of single L-type Ca?*
channelsin the plasmamembrane, we were ableto determinethefidelity,
kinetics, and stoichiometry of Ca?* sparkletsin activating the elementary
release Ca?* signals, Ca?* sparksfrom clusters of ryanodine receptors
(RyRs) inthe sarcoplasmic reticulum (SR). We found that the sparkl et-spark
coupling in cardiac myocytesisgoverned by the classic Ca-induced Ca?*
release (CICR) mechanism, and follows a stochastic process of thefirst
order kinetics. Thisnot only delineates ECC at an unprecedented resol ution,
but also allowsfor thefirst real -time visualization of intermolecular commu-
nicationinintact cells. Wethen investigated RyR interactionswithin their
two-dimensional paracrystallinearraysin cells, and thelong-standing
guestion on the exact nature of Ca?* sparksin terms of the number of RyRs
involved. With the aid of Ca?* sparklets asthe optical standard, we measured
spark Ca?* fluxes and discovered the quantal substructure of Ca?* sparks.
Thequantal analysisindicated that Ca?* sparks are not all-or-none activation
of the RyR arrays. Rather, aspark involvesavariable number (1-8) of
RyRs, which comprise only asmall fraction of the array of typically 100
RyRs. Interplay of RyRs confers new regulatory mechanismsto controlling
Ca?* release, which was heretofore unappreciated. In particular, RyRsin
multi-channel sparksare subject to negative feedback regulation and mani-
fest athermodynamically irreversible behavior, resulting in brief and stereo-
typed release duration. Furthermore, we explored possible mechanism
underlying termination of ECC. Our results provided unequivocal evidence
that individual Ca?* rel ease units becomerefractory after firing of aspark,
supporting the notion on use-dependent inactivation of RyRsthat we
proposed inthelast Board of Scientific Counselorsreview. Thesethree

maj or advancements have considerably deepened our understanding of the
fundamental mechanisms conceal ed in the nanoscopic space of ECC
machinery inthe heart.

Termination of Ca**-Induced Ca* Release: In cardiac myocytes, Ca?*
release from RyR in the SR is activated by the Ca?*-induced-Ca* release
(CICR) mechanism. CICR, with itsinherent positive feedback, is expected
to operatein an “all-or-none” fashion. In order to generate Ca?* transients of
graded amplitude and robust stability, aregulatory mechanism must exist to
counteract theregenerative CICR. Several mechanisms, including inactiva-
tion, adaptation, and stochastic closing of RyRs have been proposed, but no
conclusive evidence has yet been documented. Our recent study has shown
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that FK506-binding protein (FKBP), an immunophilin and accessory
protein of RyR, constitutes a prominent regulator of CICR viashortening
the duration of the elementary rel ease events (Ca?* sparks) and accelerating
the desensitization of RyR to Ca?*. To elucidate the primary termination
mechanism of CICR, wefirst developed anovel fluorescent technique. By
combination of afast, linear Ca?* indicator, Oregon Green BAPTA 5N, and
ahigh concentration of Ca?* chelator, EGTA, Ca?* release was visualized as
discrete” Ca?* spikes’ restricted to T tubule-SR junctions, each consisting of
single or afew Ca&* sparks. Increasing the open duration and promoting the
reopens of Ca?* channelswith the Ca2* channel agonists, FPL64176, did not
prolong or trigger secondary Ca?* spikes, even though 2/3 of the SR Ca?*
remained availablefor release by caffeine. Latency analysisreveaed that
Ca?* spikes coincided with thefirst openings, but not with the reopens, of L-
type Ca?* channels. Furthermore, after aninitial maximal release (e.g., at 0
mV), even amulti-fold increasein unitary Ca?* current produced by ahyper
polarization stepto-120mV, failed to trigger additional release, indicating
an absolute refractoriness of RyRs. When the rel ease was submaximal (e.g.,
at +30 mV), tail currents upon hyper polarization did activate additional
Ca* spikes, confocal imagesreveal ed that thetail release originated from
those unfired during depolarization. Theseresultsindicate that Ce?* release
isterminated primarily by ahighly localized, use-dependent inactivation of
RyRs, but not by stochastic closing and adaptation of RyRs, or depletion of
SR C&*inintact ventricular myocytes.

Collaborators: William C. Balke, University of Maryland; Wayne Chen,
University of Calgary; Xiang-Dong Fu, University of California San Diego;
Robert Dirksen, Rochester University; Jianjie Ma, University of Medicine
and Dentistry of New Jersey; Eduardo Rios, Rush University; James
Russell, National Institute of Child Health and Human Development, NIH;
Arnold Schwartz, Cincinnati University; James Sham, Johns Hopkins
University; Yibin Wang, University of CaliforniaLos Angeles, Caihong
Wu, Peking University, Beijing, China; Zhuan Zhou, I nstitute of Neuro-
science, Shanghai, China; Edward G. Lakatta, Michael D. Stern, Rui-Ping
Xiao, Kenneth Boheler, Laboratory of Cardiovascular Science, NIA.
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We are studying structure and function of cellsfrom the cardiovascular
system along two principal and distinct lines: 1) mechanismsof cardiac
contractility, and 2) cellular changes after vascular injury. An underlying
themein both of these areasinvolvesthe pursuit and devel opment of single
cell biophysical methodsto overcome certain limitations and complexities
inherent ininvivo and in multicellular in vitro experimental systems, togain
an understanding of basic cell biological processesthat may haveimplica-
tionsfor the pathophysiology and treatment of human disease.

M echanismsof Car diac Contractility: Principal research efforts, often
employing these newly-devel oped biophysical methods, have focused on
theregulation of contractility inintact cardiac myocytes, with particular
emphasis on modulation of myofilament contractile activation by novel
signaling pathways, for example, viaaterationsin the balance of specific
kinase/phosphatase pathways, viacross-talk between the cGMP- and
cAMP-dependent pathways, and viaendogenous nitric oxide-dependent
mechanisms. Recent work hasfocused on novel mechanisms of recruitment
of contractile activation underlying the Frank-Starling response.

M echanismsof Perturbed Mitochondrial Function in Cardiac
Myocytes. Mitochondriaplay acentral rolein theregulation of apoptosis,
and contribute to the pathogenesi s of human degenerative diseases, aging,
and cancer. Mitochondrial perturbations can havethisresult inanumber of
ways. by disrupting electron transport and energy metabolism, by releasing
and/or activating proteinsthat mediate apoptosis, and by altering cellular
redox potential together with the generation of reactive oxygen species
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(ROS). Recent research isfocusing on the rel ationshi p between the mito-
chondrial electrochemical gradient, ROS production, induction of the
permeability transition pore, and functional sequella, including ischemia/
reperfusion and myocardial preconditioning.

Cellular Responseto Vascular Injury: The other major research direction
involvestheinvestigation of basic cellular responses of vascular smooth
muscle cells during gradient-directed chemotaxis, in order to gain insight
into fundamental eventsin the pathogenesisof vascular disease. These
experimentswith vascular smooth muscle cells have enabled an understand-
ing of how focal receptor-tyrosine-kinase activation coordinates the cascade
of signaling traffic and the reorganization of the cytoskeleton, leading to
directed migration. Migration of vascular smooth muscle cellsfromthe
arterial mediato theintimaisakey event in the pathogenesis of occlusive
vascular disorders, including atherosclerosis and post-angioplasty restenosis.
Wefound that auniqueintracellular